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(54) CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 



(57) An electronic control unit 1 0 of an internal com- 
bustion engine sets a target throttle valve opening de- 
gree based on the amount of accelerator pedal opera- 
tion, and starts driving an electronically controlled throt- 
tle valve 1 6 after a predetermined delay time has passed 
in order to precisely estimate the actual throttle valve 
opening degree when the intake valve of the cylinder is 
closed and to estimate the amount of the Intake air filled 
in the cylinder. In an engine equipped with a variable 
valve timing mechanism 50, the ECU 10 estimates the 
target throttle valve opening degree of when the intake 
valve closes, estimates the actual valve timing when the 
intake valve closes based on the estimated target open- 
ing degree, and estimates the amount of the air filled In 
the cylinder when the intake valve of the cylinder closes 
based on the estimated throttle valve opening degree 
and on the estimated valve timing. The amount of the 
air taken in Is thus precisely estimated even in a variable 
valve timing engine. 
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Description 

Technical Field: 

[0001] The present Invention relates to a device for controlling an Internal combustion engine. IVIore specifically, the 
Invention relates to a device for controlling an Internal combustion engine which estimates a future value of a degree 
of opening of the engine throttle valve after a predetennlned time lapses by delaying the start of operation for controlling 
a degree of opening of the engine throttle valve to a target value and, based on this estimated value of the degree of 
opening of the throttle valve, precisely estimating the amount of the intake air taken into the engine in the future. 

Background Art: 

[0002] There has been known a device for controlling an Intemal combustion engine including a so-called electron- 
ically controlled throttle valve of which the opening degree can be controlled independently of the amount of accelerator 
pedal operation by the driver and precisely estimating the amount of the air that will be taken in by the engine by 
delaying the start of the operation for controlling the throttle valve opening degree to a target value detemnined from 
the amount of accelerator pedal operation by a predetemnined delay time. 

[0003] in general, there has been employed a so-called air amount-based fuel amount control system in which the 
amount of the air taken In by the Internal combustion engine is first measured, and the amount of fuel injection is 
controlled based on the measured air amount so that the engine air-fuel ratio becomes an optimum value. In such an 
engine, it is important to precisely measure the amount of the air taken In by the engine. In a state where the amount 
of the air taken in by the engine is varying due to changes in the throttle valve opening degree and in the rotational 
speed as a result of transient operation condition, however, It often becomes difficult to precisely measure the amount 
of the air taken In by the engine. The amount of the air actually taken in by the cylinders of the engine is detemnined 
at the time when the Intake valves of the respective cylinders close. In orclerto precisely set the amount of fuel Injection, 
therefore, the amount of fuel injection must be set based upon the amount of the air taken in by the engine at a moment 
when the Intake valve of the cylinder closes. Generally, however, the timing for cateulating the amount of fuel injection 
for each cylinder precedes the timing at which the intake valve closes. In order to precisely set the amount of fuel 
injection based on the amount of the air actually taken in by the cylinder, therefore, it is necessary to precisely estimate 
the amount of the air taken in by the engine at a moment when the intake valve will be closed in the future at a moment 
of calculating the amount of fuel injection. 

[0004] The amount of the air taken in by the engine varies depending upon the throttle valve opening degree and 
the rotational speed of the engine. Since the rate of change in the throttle valve opening degree Is relatively larger than 
a rale of change in the engine rotational speed during the transient operation, if the throttle valve opening degree at 
the time when the Intake valve is closed could be precisely estimated, then, the amount of the air taken in by the engine 
at the time when the intake valve is closed can be estimated. In an engine equipped with an electronically controlled 
throttle valve which can be operated independently of the acceleration pedal operation by the driver, there has been 
proposed a so-called phase-advanced inverse calculation method In which the future throttle valve opening degree is 
precisely estimated by delaying the operation of opening or closing of the throttle valve by a predetermined period of 
time and the amount of the air that will be taken in by the engine in the future (amount of the air taken In by the engine 
when the Intake valve closes in the cylinder) is precisely estimated based on the estimated throttle valve opening 
degree. 

[0005] A device for controlling an intemal combustion engine by estimating the intake air amount of this kind has 
been disclosed In, for example, Japanese Unexamined Patent Publbation (Kokai) No. 10-169469. 
[0006] According to the device of this publication, the target opening degree of the electronically controlled throttle 
valve is set based upon the present amount of accelerator pedal operation (amount of depression). However, the 
throttle valve Is not driven to a target opening degree immediately after the target opening degree is set. Instead, the 
throttle valve Is driven after a predetemnined delaying time elapses. In general, the electronically controlled throttle 
valve involves a lag in operation due to the delay In the control operation or due to the delay in the activation of the 
mechanism. Even when the target opening degree has rapidly (e.g., stepwise) changed, therefore, there occurs a 
delaying time determined from the operation characteristics of the throttle valve until the throttle valve opening degree 
actually arrives at the target opening degree. Therefore, if the operating characteristics of the throttle valve are precisely 
known, it becomes possible to calculate the throttle valve opening degree at each moment until the throttle valve 
actually arrives at a target opening degree even when the target opening degree of the throttle valve varies stepwise. 
In theory, it Is possible to estimate the throttle valve opening degree at each moment based on the operating charac- 
teristics of the throttle valve at a moment when the target opening degree has changed stepwise. 
[0007] I n actual operation, however, when the accelerator pedal is moved a large amount by the driver and the target 
opening degree changes continuously, a change In the target opening degree after the moment of estimation is not 
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reflected on the estimated value even when the future throttle valve opening degree is estimated at each moment 

based-on thetl^rottle valve operatlon-characteristiGS-at a given monnent Jhereforerthe^^^^ opening — 

degree loses precision. 

[0008] According to the device of the above publication, after the target opening degree has been set, the start of 
5 the operation for driving the throttle valve depending upon the target opening degree Is delayed by a predetermined 
delay time (a period of the delay time is so short that the driver does not actually feel the delay), so that a change in 
the target opening degree is completely reflected on the estimated throttle valve opening degree. Namely, in the device 
of the above publication, the actual operation of the throttle valve is delayed by the above delay time to after the change 
in the target opening degree. This, in other words, makes it possible to know exactly, at a moment when the throttle 
valve actually starts operating, how the target throttle valve opening degree will change thereafter. It is, therefore, made 
possible to completely reflect a change in the target opening degree on the estimated throttle valve opening degree 
and, hence, to precisely estimate an actual change in the throttle valve opening degree. According to the device of the 
above publication, the throttle valve opening degree at a moment when the intake valve closes is precisely estimated 
at a moment when the amount of fuel injection is calculated, and the amount of the air taken in by the engine at a 
15 moment when the intake valve closes is calculated based on this estimated throttle valve opening degree. 

[0009] When applied to a fixed- valve-timing engine in which the intake and exhaust valves have fixed opening/closing 
timings, the device of the above publication makes it possible to precisely estimate the amount of the air taken In by 
the engine. However, when applied to a variable-valve-timing engine In which the timings for opening and closing the 
intake and exhaust valves are varied depending upon the engine operating conditions, the device of the above publi- 
co cation Is not capable of precisely estimating the amount of the air taken in by the engine. 

[0010] In the variable-valve-timing engine, the target valve timing is set depending upon the engine load (amount of 
the air taken in by the engine and the rotational speed). However, the amount of the air taken in by the engine is not 
exclusively detemnined by the throttle valve opening degree and the rotational speed, but varies In accordance with a 
change in the valve timing. Therefore, if the amount of the air taken in by the engine is estimated relying on the estimated 
25 throttle valve opening degree only as is done by the device of the above-mentioned Japanese Unexamined Patent 
Publication (Kokal) No. 1 0-1 69469, the accuracy of the estimation of the amount of the air taken in by the engine greatly 
drops when the valve timing changes. 

[001 1] In this case, the operating speed of the variable-valve-timing mechanism Is usually considerably slower than 
the operating speed of the electronically controlled throttle valve. When the throttle valve opening degree changes 

30 rapidly, therefore, a change in the engine valve timing when the throttle valve opening degree Is changing is negligibly 
small, and the precision for estimating the amount of the air taken in by the engine is not much affected. At the time 
of slow acceleration or slow deceleration in which the change in the throttle valve opening degree is relatively small, 
however, a change in the valve timing during the throttle valve opening degree Is changing becomes relatively large, 
and the precision for estimating the amount of the air taken in greatly decreases. 

35 [0012] In the device of the above-mentioned publication, further, the delay from when the target opening degree 
changes to when the throttle valve operates correspondingly is kept constant. Therefore, the timing for starting the 
operation of the throttle valve as viewed from the stroke cycle of each cylinder varies depending upon the timing of 
change in the target opening degree. In an actual interna! combustion engine, the amount of the air actually taken In 
by the cylinder varies to some extent depending upon at which portion of the stroke cycle of the cylinder the amount 
of the air taken in by the engine has changed (i.e., at which portion the throttle valve opening degree has changed). 
Therefore, when the throttle valve opening degree starts changing on the stroke cycle of the cylinder as is done in the 
device of the above publication, the amount of the air actually taken In by the cylinder often changes even though the 
amount of the air taken in by the engine remains the same when the intake of the cylinder valve closes. This causes 
a decrease in the precision of estimating the amount of the air taken In by the cylinder. 

45 

Disclosure of the Invention: 

[001 3] It is an object of the present invention to provide a device for controlling an intemal combustion engine whteh 
makes it possible to precisely calculate the amount of the air taken in by the cylinder by solving the above-mentioned 
50 problems. 

[0014] According to the present invention, there is provided a devtee for controlling an intemal combustion engine 
which sets a target throttle valve opening degree of the intemal combustion engine based on a present amount of 
accelerator pedal operation and, after a predetemiined delay time has passed, starts driving the throttle valve so that 
the actual throttle valve opening degree becomes said target opening degree, thereby to estimate the actual throttle 
55 valve opening degree in the future after a predetemnined period of time has passed from the present based on said 
target opening degree, said delay time and the operation characteristics of the throttle valve, and to calculate the 
amount of the air that will be taken in by the engine in the future after said predetermined period of time has passed 
based upon said estimated value, said device for controlling an intemal combustion engine comprising: 
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target valve timing-setting means for setting a target valve timing of the engine based on an actual throttle valve 
opening degree; 

variable valve timing means for controlling the valve timing of the engine to said target valve timing 
valve timing-estimating means for calculating an estimated value of said target valve timing in the future, after said 
predetermined period of time has passed, based on said estimated throttle valve opening degree, and for estimating 
an actual engine valve timing in the future after the passage of said predetemiined period of time based on said 
estimated target valve timing; and 

intake air amount-estimating means for estimating the amount of the air that will be taken in by the engine In the 
future after said predetermined period of time has passed based on said estimated throttle valve opening degree 
and said estimated valve timing. 

[0015] That is, the present invention estimates not only the throttle valve opening degree but also the engine valve 
timing at the same time at a moment in the future. 

[0016] A target value of the engine valve timing is, usually, set based on the amount of the air actually taken in by 
the engine and the engine rotational speed. As explained before, however, the amount of the air taken In by the engine 
also varies depending upon the valve timing. It is, therefore, difficult to precisely estimate both the amount of the air 
taken in by the engine and the valve timing. In the present invention, the target valve timing is detemiined based, for 
example, upon the throttle valve opening degree without using the amount of the air taken in by the engine that varies 
due to the valve timing. It is therefore made possible to estimate a target valve timing at a moment in the future by 
using the estimated throttle valve opening degree. If the target valve timing could be measured at a moment in the 
future, the actual valve timing at a moment in the future can be estimated based on the operation characteristics of 
the variable valve timing means by using the same method as the one used for estimating the actual throttle valve 
opening degree. According to the present invention, therefore, it is possible to estimate the throttle valve opening 
degree as well as the valve timing at a moment in the future (e.g., at a moment when the intake valve of the cylinder 
closes), and the amount of the air taken in by the engine is precisely calculated reflecting a change in the valve timing, 
[0017] According to another aspect of the present Invention, there is provided a device for controlling an internal 
combustion engine which sets a target throttle valve opening degree of the internal combustion engine based on a 
present amount of accelerator pedal operation and, after a predetemiined delay time has passed, starts driving the 
throttle valve so that the actual throttle valve opening degree becomes said target opening degree, thereby to estimate 
the actual throttle valve opening degree in the future after a predetermined period of time has passed from the present 
based on said target opening degree, said delay time and the operation characteristics of the throttle valve, and to 
calculate the amount of the air that will be taken in by the engine in the future atter said predetermined period of time 
has passed based upon said estimated value, said device for controlling an Internal combustion engine comprising: 

delay time-setting means for so setting said delay time that said throttle valve starts driving at a predetermined 
timing in a stroke of a particular cylinder of the engine. 

[0018] That is, according to this aspect of the invention, the delay time is so set that the throttle valve is driven so 
as to be adjusted to the target throttle valve opening degree at a predetennined timing in a stroke of a particular cylinder 
(e.g., first cylinder). Therefore, the throttle valve starts operating whenever the engine crankshaft arrives at a prede- 
termined rotational angular position. In the actual internal combustion engine as described eariler, the amount of the 
air actually taken in by the cylinder slightly differs depending on at what portion of the stroke cycle of the cylinder the 
amount of the air taken in by the engine has changed (i.e., at what portion the throttle valve opening degree has 
changed). Therefore, when the throttle vafve opening degree starts changing on the stroke cycle of the cylinder, the 
amount of the air actually taken by the cylinder often changes even though the amount of the air taken in by the engine 
is the same at a moment when the intake valve of the cylinder closes, causing a decrease in the precision of estimating 
the amount of the air taken in by the cylinder. In the present invention, the throttle valve opening degree always starts 
changing at a predetennined crank angle. The air starts to be taken In by the engine always at the same position of 
the stroke cycle of each cylinder. Therefore, a dispersion in the amount of the air taken in, that is caused by a change 
in the position where the throttle valve opening degree starts changing, does not occur and. hence, the precision for 
estimating the amount of the air that is taken in is improved 

[0019] According to another aspect of the present invention, there is provided a device for controlling an intemal 
combustion engine which sets a target throttle valve opening degree of the Internal combustion engine based on a 
present amount of accelerator pedal operation, starts driving the throttle valve, after a predetermined delay time has 
passed, so that the actual throttle valve opening degree becomes said target opening degree, thereby to estimate the 
actual throttle valve opening degree In the future after a predetemiined period of time has passed from the present 
based on said target opening degree, said delay time and the operation characteristics of the throttle valve and, to 
calculate the amount of the air that will be taken in by the engine in the future after said predetermined period of time 
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has passed based upon said estimated value, said device for controlling an internal combustion engine comprising: 



delay time-setting means for so setting said delay time that said throttle valve starts driving at a predetemnined 
timing in a stroke of a particular cylinder of the engine when the engine is idling; 
s stall-avoiding means for avoiding an engine stall by setting a target throttle valve opening degree irrespective of 

the amount of accelerator pedal operation when it is probable that the engine that is idling may stall; and 
means for starting the driving of the throttle valve so that the throttle valve opening degree readily reaches said 
target opening degree when the target throttle valve opening degree is set by said stall-avoiding means to avoid 
an engine stall irrespective of the delay time set by said delay time-setting means. 

10 

[0020] According to this embodiment of the invention, the throttle valve Is readily driven without setting a delay time 
when the throttle valve is driven (throttle valve opening degree Is increased) to prevent the engine that is idling from 
stalling due to worsening of combustion or the like. When the rotational speed of the engine that Is Idling greatly drops 
due to worsening of combustion or the like, the throttle valve opening degree must be increased as quickly as possible 
IS to avoid an engine stall. In such a case, a lagging start of operation of the throttle valve may cause the engine to stall 
when the engine rotational speed greatly drops since a change in the throttle valve opening degree does not occur in 
time. According to the present invention, therefore, when the throttle valve opening degree is increased to prevent the 
engine that is idling from stalling, the throttle valve opening degree is readily increased without providing a delay time 
thereby to prevent an engine stall. 

20 

Brief Description of Drawings: 
[0021] 

25 Fig. 1 is a diagram schematically Illustrating the arrangement of the device for controlling an internal combustion 

engine of the present invention when it is applied to an internal combustion engine for automobiles; 
Figs. 2, 3(A), 3(B), 4 and 5 are diagrams illustrating a method of estimating the amount of the intake air by the 
control device; and 

Fig. 6 is a flowchart for concretely illustrating the operation for estimating the amount of the intake air by the control 
30 device of Fig. 1 . 

Best Mode for Carrying Out the Invention 

[0022] Embodiments of the present invention will now be described with reference to the accompanying drawings. 

35 [0023] Fig. 1 Is a view schematically illustrating the whole constitution of the present invention applied to an internal 
combustion engine for automobiles. In Fig. 1 , reference numeral 1 denotes a body of an intemal combustion engine, 
2 denotes a surge tank provided In the Intake passage of the engine 1 , reference numeral 2a denotes an intake manifold 
connecting the surge tank 2 to the intake ports of the cylinders, 16 denotes a throttle valve disposed in the Intake 
passage upstream of the surge tank 2, and reference numeral 7 denotes a fuel injection valve for injecting the pres- 

^ surized fuel to the intake port of each cylinder of the engine 1 . 

[0024] In this embodiment, the throttle vah^e 1 6 is provided with an actuator 1 6a such as a stepper motor. The throttle 
valve 1 6 Is of the type that degree of opening thereof changes depending upon a control signal input from an ECU 1 0 
that will be described later. That Is, the throttle valve 16 of this embodiment Is a so-called electronically controlled 
throttle valve that can be opened irrespective of the amount of the accelerator pedal operation by a driver. The throttle 

^ valve 1 6 is further provided with a throttle opening sensor 1 7 which generates a voltage signal in compliance with the 
amount of operation (opening degree) of the throttle valve. 

[0025] In Fig. 1 , reference numeral 1 1 denotes an exhaust manifold for connecting the exhaust ports of the cylinder 
to a common exhaust pipe 14, reference numeral 20 denotes a three-way catalyst disposed In the exhaust pipe 14, 
reference numeral 13 denotes an upstream air-fuel ratio sensor disposed in the exhaust manifold 11 at a portion where 

50 the exhaust gases merge together (upstream of the three-way catalyst 20), and 1 5 denotes a downstream air-fuel ratio 
sensor disposed in the exhaust pipe 14 downstream of the three-way catalyst 20. When the air-fuel ratio of the exhaust 
gas flowing In is near a stoichiometric air-fuel ratio, the three-way catalyst 20 is capable of purifying the three compo- 
nents, I.e., HC, CO and NO^ in the exhaust gas simultaneously. The air-fuel ratio sensors 13 and 15 are used for 
detecting the exhaust gas air-fuel ratios when the amount of fuel injection into the engine is controlled by feedback, 

s5 so that the engine air-fuel ratio becomes a predetermined target air-fuel ratio when the engine is in nonnal operation. 
[0026] In this embodiment, the intake passage Is provided at its inlet with an air flow meter 3 which generates a 
voltage signal corresponding to the amount of the air taken In by the engine, and a water jacket 8 of the cylinder block 
of the engine body 1 is provided with a water temperature sensor 9 that generates an analog voltage electric signal 



5 



NSDOCID: <EP 1217191A1J_> 



EP1 217 191 A1 



depending upon the temperature of the cooling water. 

[0027] Output signals of the throttle valve opening sensor 1 7, air flow meter 3, water temperature sensor 9 and air- 
fuel ratio sensors 1 3 and 1 5, are input to a multiplexer-containing A/D converter 1 01 in the ECU 1 0 that will be described 
later. 

[0028] In Fig. 1 , reference numerals 5 and 6 denote crank angle sensors disposed near the crank shaft (not shown) 
of the engine 1 . The crank angle sensor 5 generates a pulse signal for detecting a reference position at, for example, 
every 720** of the crank angle, and the crank angle sensor 6 generates a pulse signal for detecting a crank angle at 
every 30** of the crank angle. The pulse signals of these crank angle sensors 5 and 6 are fed to an input/output interface 
102 of the ECU 10, wherein the output of the crank angle sensor 6 is supplied to an interrupt terminal of a CPU 103 
in the ECU 10. The ECU 10 calculates the number of revolutions (rotational speed) of the engine 1 based on an interval 
between the crank angle pulse signals from the crank angle sensor 6 to use it for executing various controls. 
[0029] In this embodiment, further, the engine 1 is provided with a variable valve timing mechanism 50. The variable 
valve timing mechanism 50 in this embodiment works to continuously vary the rotational phase of the cam shaft (not 
shown) that drives the engine intake valve with respect to the crank shaft while the engine is in operation. A variety of 
types of the variable valve timing mechanisms 50 can generally be used. In this embodiment, however, there is no 
particular limitation on the type of the variable valve timing mechanism that is used, and the variable valve timing 
mechanism of any known type can be used provided it is capable of continuously varying the valve timing. In this 
embodiment, further, the valve timing of the Intake valve only is varied. The Invention, however, can be applied to either 
the engine equipped with a variable valve timing mechanism which varies the valve timings of both the intake valve 
and the exhaust valve or the engine equipped with a variable valve timing mechanism which varies the valve timing 
of the exhaust valve only. 

[0030] In the drawing, reference numeral 51 denotes a cam rotational angle sensor which is disposed near the cam 
shaft of the engine 1 to generate a reference cam rotational pulse signal every time when the cam shaft arrives at the 
reference rotational position. The reference cam rotational pulse signal is supplied to an input/output interface 1 02 in 
the ECU 10. The ECU 10 calculates the present valve timing VT of the intake valve based on a phase difference 
between a reference cam rotational pulse signal input from the cam rotational angle sensor 51 and a reference rotational 
pulse signal of the crank shaft input from the crank angle sensor 5. 

[0031] The electronic control unit (ECU) 10 of the engine 1 is constituted as, for example, a microcomputer, and 
includes the multiplexer-containing A/D converter 1 01 , the Input/output interface 1 02, the CPU 103, as well as a ROM 
1 04, a RAM 1 05, a backup RAM 1 06 capable of maintaining the memory even when the main switch is turned off, and 
a clock-generating circuit 107. 

[0032] As will be described later, the ECU 10 executes basic controls of the engine 1 . such as controlling the fuel 
injection amount based on the intake air amount of the engine, controlling the Ignition timing, and controlling the engine 
valve timings depending upon the operating conditions. In this embodiment, ECU 1 0 further executes control operations 
such as for estimating the amount of the air taken in by the engine based on the estimated throttle valve opening 
degree as explained later. 

[0033] To execute the above control operations, the ECU 10 receives an engine intake air amount (KL) signal from 
the airflow meters, a throttle opening (TA) signal from the throttle opening sensor 1 7, and a cooling water temperature 
(TW) signal from the water temperature sensor 9 afte^ having subjecting them to the A/D conversion according to an 
A/D conversion routine executed at regular time intervals. 

[0034] The input/output interface 1 02 of the ECU 1 0 Is connected to the fuel injection valve 7 through a drive circuit 
108 to control the amount of fuel injection from the fuel injection valve 7 and the injection timing, and is further connected 
to spark plugs 111 of the engine 1 through an ignition circuit 110 to control the ignition timings of the engine. Further, 
the input/output interface 1 02 of the ECU 1 0 is connected to the actuator 1 6a of the throttle valve 1 6 and to the actuator 
(n ot shown) of the variable valve timing mechanism 50 through drive circuits 1 1 3 and 1 1 5, in order to control the opening 
degree of the throttle valve 1 6 and the valve timing of the intake valve. 

[0035] Next, described below is how to calculate the amount of fuel Injection for the engine according to the embod- 
iment. 

[0036] In this embodiment, the fuel injection amount (injection time of each fuel injection valve) TAU is calculated 
based on the amount of the airtaken in by each cylinder and the engine rotational speed in compliance with the following 
formula, 

TAU = (KLyNE) X KINJ x a x FAF (1) 

where KL is the amount of the air (flow rate) taken in by the engine, and NE is the engine rotational speed. 

[0037] In this embodiment, as will be described later, KL is an estimated amount of the air taken in by the engine 

when the intake valve of the cylinder closes. Further, KINJ is a conversion constant for calculating the amount of fuel 
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for bringing the engine air-fuei ratio to the target air-fuel ratio (e.g., stoichiometric air-fuel ratio). That is, (KLVNE) x 

KINJ represents a basic amount of fuel injection necessary for bringing the combustion air-fuel ratio In each cylinder 

to the target air-fuel ratio when the engine intalce air amount is KL and the rotational speed is NE. Further, a is a 
correction coefficient determined from the wamrj-up state of the engine or from other operating conditions, and FAF is 

5 an air-fuel ratio correction coefficient. The air-fuel ratio correction coefficient FAF is a correction coefficient for feedback- 
controlling the fuel injection amount based on the outputs of the air-fuel ratio sensors 1 3 and 1 5 disposed in the exhaust 
passage, so that the engine exhaust gas air-fuel ratio (i.e., combustion air-fuel ratio of the engine) becomes the target 
air-fuel ratio. According to this embodiment, the air-fuel ratio feedback control may be of any known type provided it 
is capable of controlling the air-fuel ratio to be the target air-fuel ratio, and is not described here in detail. 

*o [0038] In this embodiment, as will be understood from the above formula (1), the fuel injection amount TAU of the 
engine is calculated by, first, calculating the basic fuel Injection amount (KLVNE) x KINJ based on the amount of the 
air taken in by the engine and the engine rotational speed, and by correcting the basic fuel injection amount based on 
the operating condition (a) of the engine of during the warm-up operation and the air-fuel ratio feedback correction 
coefficient FAF. 

15 [0039] Next, described below is the method of calculating the amount KL of the air taken in by the engine according 
to the embodiment. When an ordinary engine is In steady operation (i.e., the engine rotational speed NE and the throttle 
valve opening degree TA are maintained constant), the amount of the air taken in by the engine becomes a function 
of the throttle valve opening degree TA and the engine rotational speed NE, and is exclusively determined if the throttle 
valve opening degree TA and the engine rotational speed NE are detemriined. 

20 [0040] In this embodiment, the amounts KL of the air taken in by the engine are measured in advance under the 
conditions of combinations of the engine rotational speed NE and the throttle valve opening degree TA by using an 
actual engine which is in steady operation, and the values of the amounts KL of the air taken in are stored in a ROM 
104 of the ECU 10 in the form of a numerical map using TA and NE. When the engine is in operation, the ECU 10 
calculates the amount of the air taken in by the engine from the map when the engine is in steady operation by using 

^ the throttle valve opening degree TA detected by the throttle opening sensor 1 7 and the engine rotational speed NE. 
The amount of the air given by the map of TA and NE is a value when the engine is steadily operated in the standard 
state, and may often be different from the amount of the air actually detected by the air flow meter 3. In the following 
description, therefore, the measured value of the amount of the air taken in (value detected by the airflow meter 3) is 
denoted by KLSM, and the value of the amount of the air taken in stored in the map as a function of TA and NE Is 

50 denoted by KLTA to distinguish them from each other. 

[0041] As described before, the amount of the air actually taken in by the cylinder is fixed at a moment when the 
Intake valve of the cylinder is closed. In the actual operation, too, the amount of the air (flow rate) taken in by the 
cylinder at a moment when the intake valve Is closed, Is most precisely corresponding to the amount of the air taken 
In by the cylinder. In order to supply the fuel into the cylinder, however, the fuel must be injected from the fuel injection 

35 valve 7 while the intake valve is being opened, and the amount KL of the air taken in must be calculated before the 
intake valve closes. In this embodiment, therefore, the amount of the air taken in when the intake valve closes is 
estimated (hereinafter, the estimated amount of the air taken in when the intake valve closes is called KLFWD) by 
using the values KLTA and KLSM at the fuel injection timing (when the intake valve is being opened), and the fuel 
injection amount TAU is calculated based on the estimated value KLFWD. 

^ [0042] Described below is a method how to calculate the value KLFWD. 

[0043] The value of the amount KLTA of the air taken in during the steady operation read out from the map by using 
TA and NE, immediately changes if the throttle valve opening degree TA or the engine rotational speed NE changes. 
However, the actual amount KL of the air taken in does not immediately changes to the value KLTA corresponding 
changed values of TA and NE. Instead, the actual amount KL changes after a certain delay time. 

45 [0044] Fig. 2 is a diagram illustrating a change in the actual amount KL of the air taken in when the map value KLTA 
of the amount of the air taken In has changed stepwise due to changes in the TA and NE. When KLTA changes stepwise 
as shown in Fig. 2, KL changes relatively slowly and arrives at KLTA that has changed after the passage of a given 
period of time. The behavior of KL can be approximated by a first-order delay response relative to the change In KLTA. 
Accordingly, the present amount of the air taken in can be calculated from the past amount of the air taken in and the 

so present value of KLTA by using the first-order delay response model. That is, if the present amount of the air taken in 
(calculated value) Is denoted by KLCRT. then, KLCRT can be expressed by using the following first-order delay re- 
sponse formula, 

55 KLCRT = KLCRT|.i + (KLTA - KLCRTj.^) X {1/N) (2) 

where KLCRT is the present amount of the air taken in (calculated value), KLCRT|.^ is the amount of the air taken In 
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a time At before the present time, and KLTA is the amount of the air taken in (map value) in a steady state operation 
determined from the present throttle valve opening degree TA and the engine rotational speed NE. 
[0045] Further. N is a weighing coefficient and is expressed as N = T/At by using a time constant T of first-order delay 
response and the time At. The time constant T is determined by the throttle valve opening degree TA and the engine 

s rotational speed NE, and is detemnlned in advance as a function of TA and NE by experiment by using an actual engine. 
[0046] In this embodiment, calculation in compliance with the above formula (2) is commenced at the start of the 
engine by using an initial value of KLCRT= KLTA. Thereafter, calculation of the formula (2) is repeated after every time 
period At while the engine is in operation in order to calculate the present amount KLCRT of the air taken in as a result 
of sequential calculation from the start of the engine. As will be obvious from the formula (2), when the engine steadily 

^0 operates (i.e., operates in a state where KLTA remains constant) for some period of time, the value of KLCRT comes 
into agreement with KLTA. 

[0047] Although the value KLCRT calculated above represents the present amount of the air taken in, the value most 
precisely reflecting the amount of the air actually taken in by the cylinder is the amount of the air taken in by each 
cylinder when the intake valve closes. In order to precisely calculate the amount KL of the air taken in, therefore, it Is 
*5 desired to conduct the calculation by using the amount of the air taken in when the intake valve is closed. On the other 
hand, the present amount KLCRT of the air taken in Is calculated by approximating the response in the amount of the 
air taken in by the first-order delay response system as shown in Fig. 2. Therefore, if it is presumed that the present 
amount KLCRT of the air taken in is maintained constant after KLTA has changed and, then, the amount of the air 
taken In at a moment later than the present (the moment when KLCRT is calculated) can be estimated by successively 
20 repeating the calculation of the formula (2) by using the same first-order delay response model. That is, after KLCRT 
is calculated, the amount of the air taken in after the time At lapsed from the present can be calculated by executing 
the formula (2) one time using the same value KLTA. If the calculation of the formula (2) Is repeated twice, the amount 
of the air taken In after the passage of 2 x At can be calculated. In other words, If the time from the present moment 
(the moment when KLCRT is calculated) until when the intake valve of any cylinder closes next, Is denoted by L, then, 
it is possible to calculate the amount of the air taken in at the time when the valve of any cylinder closes next by 
repeating the calculation of the formula (2) L/At times using the present KLTA with the present value KLCRT as the 
Initial value. Here, if the calculated amount of the air taken in when the intake valve of any cylinder that is closed is 
called KLVLV (see Fig. 4). then. KLVLV can be calculated by sequentially repeating, 



25 



30 



40 



KLCRT,^^ = KLCRT + (KLTA- KLCRT) x (1/N) 
KLCRTj^2 = KLCRTi^i + (KLTA- KLCRT,^0 ^ (^^N) 
— (repeated P times, where P = L/At) — 
KLVLV = KLCRT,^ = KLCRTi^p.^ + (KLTA - KLCRTj^p.^) x 

(1/N) (3) 



[0048] The value KLTA used for the above sequential calculation Is a map value based on the present TA and NE. 
Here, however, the value NE does not greatly change within a short period of time. Therefore, the precision of estimation 
does not drop so much even if the cabulatlon is conducted by using the present rotational speed. However, the value 
TA may greatly change within a short period of time during the transient operation condition (at the time of quick 
45 acceleration or quick deceleration). In order to increase the precision for estimating KLVLV, therefore, if KLVLV is 
calculated from the present value of KLCRT by the above sequential calculation, It becomes necessary to calculate 
KLTA based not on the present value TA but on the value of the throttle valve opening degree TA when the Intake valve 
closes 

[0049] In this embodiment, therefore, the throttle valve opening degree TA when the intake valve closes is precisely 
50 estimated relying upon the phase-advanced inverse calculation method proposed in the above-mentioned Japanese 
Unexamined Patent Publication (Kokai) No. 10-169469. 

[0050] This embodiment uses the electronically controlled throttle valve which Is equipped with an independent ac- 
tuator 16a but is not mechanically coupled to the accelerator pedal. The ECU 10 reads the amount of depression of 
the accelerator pedal from the accelerator opening sensor (not shown) disposed near the accelerator pedal at a pre- 
ss determined timing, detemriines a target throttle valve opening degree based on the amount of the depression of the 
accelerator pedal, and drives the actuator 16a so that the opening degree of the throttle valve 16 is controlled to the 
target opening degree. In this embodiment, ECU 10 calculates the target opening degree TAG of the throttle valve 
based on the present accelerator opening degree and, after holding the calculated target opening degree for a prede- 



8 



ISDOCID: <EP 1217191 A1J_> 



EP1 217 191 A1 



termined delay time D, outputs the target opening degree TAG to the actuator 16a afterthe delay time TAG has lapsed. 
That is, the actual movement of the throttle valve is delayed by the time D with respectto the operation of the accelerator 
pedal. 

[0051] Described below Is the reason for delaying the operation of the throttle vaive by the time D. 
[0052] Fig. 3(A) is a diagram Illustrating a relationship between the target throttle valve opening degree TAG and the 
change in the actual throttle valve opening degree. Even when the driver quickly changes the amount of depression 
of the accelerator pedal (accelerator opening degree), the target throttle valve opening degree TAG changes almost 
simultaneously with the change in the accelerator opening degree. However, the actual throttle valve opening degree 
is delayed, in changing, by a predetemnined amount behind the target opening degree TAG due to a delay in the 
operation of the actuator 1 6a and due to a delay in the control operation. That is, even when the target opening degree 
TAG has quickly changed as indicated by a solid line in Fig. 3(A), the actual throttle valve opening degree TA changes 
as nearly approximated by a first-order delay behind the change in the TAG as represented by a dotted line. The 
characteristics of the throttle valve actuation are known In this case. Therefore, assuming that the target opening degree 
has changed stepwise at a moment t© as shown in Fig. 3(A), the actual throttle valve opening degree after the time L 
has lapsed from the present can be precisely estimated by the first-order delay approximation. However, the target 
opening degree TAG does not actually change stepwise but changes even after the moment to- Therefore, if the throttle 
valve opening degree after the passage of the time L is estimated based on the target opening degree TAG at the 
moment to, then, a change in the target opening degree TAG until the passage of the time L is not reflected on the 
estimation. When the target opening degree TAG rapidly changes and. thereby, a problem of a large drop In the precision 
for estimating the throttle valve opening degree occurs. 

[0053] In this embodiment, therefore, the operation of the throttle valve is intentionally delayed by the time D to 
increase the precision for estimating the throttle valve opening degree. Fig. 3(B) Is a diagram Illustrating a case where 
the operation of the throttle valve is delayed by the time D relative to Fig. 3(A). Assuming that the accelerator opening 
degree AC starts changing at a moment tj, a target opening degree TAG con-espondlng to a change in the accelerator 
opening degree AC is input to the actuator of the throttle valve, and the throttle valve starts opening at a moment (to 
In Rg. 3(B)) after the time D has passed from the moment t|. At the moment to, the target opening degree TAG after 
the moment t^ till the moment to has been set already and has been known. Namely, if considered based on the time 
to, this means that a change in the target opening degree TAG from the moment to toward the future by the time D (till 
the moment t^ in Fig. 3(B) has been known at the moment to- Therefore, the throttle valve opening degree from the 
moment to till the moment t., can be precisely estimated based on the operation characteristics of the throttle valve and 
on the change in the target opening degree TAG. Therefore, if the timing at which the valve of a given cylinder closes 
lies within the time D from the moment to (i.e. , eariier than the moment t^ in Fig. 3(B)), the throttle valve opening degree 
at a moment when the valve closes In the cylinder can be estimated with a neariy perfect precision. When the timing 
at which the valve of the cylinder closes is later than the moment t.,, the calculation same as the one used for the 
above-mentioned KLCRT is repeated from the moment t.|, in order to very highly precisely estimate the throttle valve 
opening degree when the intake valve closes. 

[0054] The delay time is set to be so short (e.g., about 50 to about 1 00 milliseconds) that a delay In the operation of 
the throttle valve cannot be noticed by the driver. Therefore, a delay In the operation of the throttle valve does not 
cause any problems from the standpoint of operation. 

[0055] In this embodiment, the throttle valve opening degree TA at a moment when the intake valve of a next cylinder 
closes is precisely estimated, and the amount KLVLV of the air taken in when the intake valve closes Is measured by 
executing the calculation of the above-mentioned formula (3) by using KLTA that is calculated from the above estimated 
value and the present rotational speed by using the map. 

[0056] Fig, 4 is a diagram illustrating a relationship among the amounts of the air taken in. In this embodiment as 
will be understood from Fig. 4, the amount KLVLV of the air taken in when the intake valve closes is calculated based 
on the throttle valve opening degree TAVLV of when the intake valve closes, the present engine rotational speed NE. 
and the calculated amount of the present KLCRT of the air taken. 

[0057] As described above, the value KLVLV Is based on the present amount KLCRT of the air taken In that is 
successively calculated from the start of the engine, and may contain error accompanying the successive calculation 
of KLCRT 

[0058] In this embodiment, therefore, the precision for estimating the amount of the air taken in is improved by cor- 
recting a steady deviation contained in the value KLVLV by using the actual amount of the air taken in measured by 
the air flow meter 3. 

[0059] Fig. 5 is a diagram illustrating the principle of correcting the steady deviation. In Fig . 5, the abscissa represents 
the time and the ordinate represents the amount of the air taken in. A curve A represents a change in the amount 
KLCRT of the air taken in, and a curve B represents a change in the amount KLSM of the air actually taken in as 
measured by the air flow meter 3 with the passage of time. The output of the air flow meter 3 is smoothed so as to 
undergo a change of the first-order delay, like the one shown in Fig. 2, in contrast with the actual change in the amount 
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of the air taken in, to remove fine fluctuating components in the amount of the air actually taken in. Therefore, there 
occurs a difference including not only the steady deviation but also the above-mentioned delay of response between 
the amount KLCFTT of the air taken in that Is calculated and the measured value (output of the air flow meter). 
[0060] In Fig. 5, further, a curve C represents a first-order delay response which corresponds to the delay in the air 

s flowmeter output response relative to the curve A (hereinafter, the calculated amount of the air taken in corresponding 
to the delay in the air flow meter output response is called KLCRT4). That is, a difference (AD in Fig. 4) between the 
curve A and the curve C (KLCRT4) represents a delay In the airflow meter output response. Therefore, If the calculated 
amount KLCRT of the air taken in does not contain a steady difference, the output of the air flow meter 3 changes as 
represented by the curve C (KLCRT4) in Fig. 5 and, hence, a difference (AKLD In Fig. 5) between the curve C and the 

10 curve B (actual output KLSM of the airflow meter 3) represents a steady deviation contained in the calculated amount 
KLCRT of the air taken in. 

[0061] Further, the curve C (KLCRT4) in Fig. 5 represents first-order delay characteristics with respect to the curve 
A (KLCRT) and can, hence, be obtained by repeating a calculation the same as that of the above-mentioned fonnula (2). 
[0062] The steady deviation AKLD contained in KLCRT is expressed as AKLD = KLCRT4 - KLSM (Fig. 5). The steady 
15 deviation AKLD is a nearly constant value. Therefore, the value KLVLV obtained by correcting the deviation is ex- 
pressed, i.e., the estimated amount KLFWD of the air taken in when the intake valve closes used for calculating the 
amount of the air taken in. Is expressed as, 



20 



KLFWD = KLVLV - AKLD = KLVLV - KLCRT4 + KLSM (4) 



[0063] in this embodiment, the amount of fuel injection is calculated by using the value KLFWD tHat is calculated as 
described above. 

[0064] In the variable valve timing engine, the value KLTA used for calculating KLFWD varies depending not only 
25 upon TA and NE but also upon the engine valve timing. Usually, the engine valve timing VT is determined based upon 
the amount KLSM of the air taken in actually measured by the air flow meter 3 and upon the engine rotational speed 
NE. Therefore, even when TA and NE remain the same, the value KLTA varies as VT varies. As described before, on 
the other hand, the valve timing VT Is detenmined based upon the engine rotational speed NE and the amount KLSM 
of the air actually taken in and, hence, varies as the amount of the air actually taken in varies. Therefore, there occurs 
30 a difference between the estimated value KLFWD calculated above and the amount of the air actually taken in when 
the intake valve closes except when a change in VT is negligibly small and this causes a problem of a decrease In the 
precision for estimating KLFWD. 

[0065] In a first embodiment described below, therefore, the valve timing VT is set based on the throttle valve opening 
degree TA without using the amount of the air taken In by the engine, whteh is subject to change depending upon the 
35 value VT, in determining the engine valve timing VT. 

1 . First Embodiment 

[0066] In this embodiment, the actual throttle valve opening degree when the intake valve closes in a cylinder of 
40 which the intake valve is to be closed next, is estimated relying upon the above-mentioned method, and the actual 
engine valve timing when the intake valve closes is estimated relying upon the above estimated throttle valve opening 
degree and the operation characteristics of the variable valve timing device 50. Then, the amount KLFWD of the air 
taken in by the engine when the intake valve of the cylinder closes is estimated by using the throttle valve opening 
degree estimated when the Intake valve closes, estimated valve timing and present rotational speed of the engine. 
[0067] Described below is a procedure for estimating KLFWD. 

[0068] Fig. 6 Is a flowchart illustrating a procedure for estimating the amount of the air taken in when the intake valve 
closes. The operation of Fig. 6 is executed every time when the amount of fuel Injection for the cylinder is calculated 
by the ECU 10. 

so (1) As the operation starts, the ECU 10, first, calculates at step 601 the time Tv (milliseconds) from the present 

until the intake valve closes In a cylinder in which the intake valve is to be closed next based on the present engine 
rotational speed and the crank rotational angle. 

(2) Next, at step 603, the actual throttle valve opening degree is estimated at each moment in the period from the 
present until the time D elapses based upon the present throttle valve opening degree TAq detected by the throttle 
S5 valve opening sensor 17 and upon a target throttle valve opening degree TAG in the period from a moment the 

time D before the present to the present. The throttle valve operation characteristics can be approximated by the 
first-order response delay. Therefore, a change in the actual throttle valve opening degree TA relative to the change 
in the target throttle valve opening degree TAG can be expressed by the following f omnula like the above-mentioned 
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formula (2), 

TA, = TAq + (TAG, - TAq) x (1/NT) 
TAj^i = TA, + (TAG,^^ - TA,) X (1/NT) 

(repeated D/At times) 

TAd = TAd.1 + (TAGd - TAo.1 ) X (1/NT) (5) 



where subscripts i, i+l, — . D-1 and D represent values at each moment in the period from the present to the 
moment time D elapses at an interval of At, and NT is a weighing coefficient determined by the operation charac- 
teristics of the throttle vaive 16 and is determined through experiment. 

^5 In this embodiment, the ECU 1 0 separately executes the operation for reading the accelerator opening degree 

AC at regular time intervals (for every At) to set a target throttle valve opening degree TAG based on a relationship 
determined in advance depending upon the value AC, and executes the delaying operation for holding the target 
opening degree for a preset period of time D and for sending it to the actuator 16a of the throttle valve. At the 
present moment, therefore, the target opening degrees TAG] input to the throttle valve actuator at each moment 

2^ in the period from the present to the moment at which the time D elapses, have all been determined and known. 

By using these known values, therefore, the values TAG,, TAGj^.^, , TAGd.i, TAGq can be calculated in com- 
pliance with the above formula (5). Therefore, the throttle valve opening degree TA, is precisely calculated at each 
moment from the present until the time D elapses. 

(3) At step 605, it is judged whether the time Tv until the valve closes calculated at step 601 lies somewhere 
25 between now and the time D. When it lies somewhere before the time D, i.e., when D ^ Tv, the throttle valve 

opening degree TAj at a moment corresponding to the elapse of the time Tv from now is set out of the throttle valve 

opening degrees TA, at each of the moments calculated at step 603 as the estimated throttle valve opening degree 

TAv of when the valve is closed. 

When D < Tv, on the other hand, the above formula (5) is further repeated until the intake valve closes (until 
^ Tv elapses) to estimate the throttle valve opening degree TAv of when the intake valve closes. In this case, the 

target throttle valve opening degree TAG after the elapse of the time D is not known at the present moment. 

Therefore, the following value estimated by the linear extrapolation is used as the target throttle valve opening 

degree after the elapse of the period D. 

TAGd^i = TAGd + (TAGd - TAGd.^ ) 
TAG^^ = TAGd^i + (TAGd -TAGd.^) 
40 TAGp^ = TAGcj^a + ^^^o ' TAGc.^) 



TAGv = TAGy.^ + (TAGd - TAGd.,) (6) 

When the time T^ until the intake valve closes is longer than the time D, the throttle valve opening degree of 
when the intake valve closes is estimated by repeating the calculation of the fomnula (5) from the elapse of the 
time D until the elapse of by using the target throttle valve opening degree TAG, which is estimated as described 
above during the period of after the passage of the time D until T^ elapses. 

(4) At step 607, a target value VTG of the engine valve timing VT of when the intake valve closes is estimated 
based on the estimated throttle valve opening degree T/^ of when the intake valve closes calculated at step 605 
and on the present engine rotational speed NE. 

The target value VTG of the engine valve timing has heretofore been set based upon the amount of the air 
taken In per a revolution of the engine 1 and the engine rotational speed. IHowever, the amount of the air taken in 
varies depending even upon the valve timing VT. According to the conventional method of setting the valve timing, 
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therefore, the valve timing VT is not determined unless the amount of the air taken in is detemriined. Therefore, it 
is not acceptable to use the conventional method of setting the valve timing in the embodiment of the invention, 
in which the effect of the valve timing is taken into consideration, in estimating the amount of the air taken In when 
the Intake valve closes. In this embodiment, therefore, the target value of the valve timing VT Is set by using the 
throttle valve opening degree TA Instead of the amount of the air taken in. That is. in this embodiment, optimum 
valve timings VT are found in advance through experiment while changing the combination of the engine rotational 
speed NE and the throttle valve opening degree TA. The optimum valve timings VT are stored in the ROM 104 in 
the ECU 10 in the fomri of a two-dimensional numeric map by using NE and TA, and a target valve timing VTG is 
set from the numeric map based on the actual values NE and TA when the engine is in operation. 

In this embodiment, the actual valve timing VT of when the intake valve closes is estimated by using the 
numeric map of the target valve timings VTG. 

That is, when a change in the engine rotational speed NE of from now to when the intake valve closes is 
negligibly small, the target valve timing VTGy of when the intake valve closes can be found from the above map 
by using the present engine rotational speed NE and the estimated throttle valve opening degree TA^ of when the 
intake valve closes. In practice, however, the variable valve timing mechanism 50 involves a delay in the response 
in the operation, and a actual change in the valve timing VT is delayed from the change In the target valve timing 
VTG. The operation delay characteristics of the actual variable valve timing mechanism can be approximated by 
the first-order delay response. 

In this embodiment, therefore, the actual valve timing VT of when the Intake valve closes Is found by repeating 
the same calculation as the above-mentioned formula (2), 



VT, = VTq + (VTGy - VTq) X (1/NV) 
= VT, + (VTGy - VT,) X (1/NV) 

(repeated T^/At times) 

VT^ = VT^.i + (VTG^ - VT^.i ) x (1/NV) (7) 

where VT^ is an estimated valve timing VT of when the Intake valve closes, and VTG^ is a target valve timing 
determined from the map of target valve timings based on the estimated throttle valve opening degree TA^ calcu- 
lated at step 605 and the present engine rotational speed NE (i.e., estimated target valve timing of when the intake 
valve closes). In the above fomnula, further. NV is a weighing coefficient determined from the operation character- 
istics of the variable valve timing mechanism, and Is detemriined through experiment. Upon repeating the calculation 
of the formula (7), therefore, it is made possible at the present time to precisely estimate the valve timing of when 
the intake valve closes after the elapse of the time T^. 

In this embodiment, the target engine valve timing VTG is determined by the engine rotational speed NE and 
by the throttle valve opening degree VA only. In practice, however, even when the throttle valve opening degree 
TA, engine rotational speed NE and valve timing VT remain the same, the amount of the air taken In by the engine, 
varies as the atmospheric pressure (altitude) changes. Therefore, In order to make the amount of the air taken in 
by the engine always becomes the same value when the throttle valve opening degree TA and the engine rotational 
speed NE remain the same, the valve timing VT must be corrected depending upon the atmospheric pressure 
(altitude). In this embodiment, the maps of the target valve timings VTG are prepared based on the above-men- 
tioned NE and TA under various atmospheric pressures In advance, and a map of target valve timings VTG cor- 
responding the atmospheric pressure actually measured or calculated during the engine operation is used. Even 
when the atmospheric pressure changes, therefore, the amount of the air taken in by the engine Is precisely cal- 
culated. . 

(5) Next, at step 609 in Fig. 6, the amount KLFWD of the air taken in when the intake valve closes is calculated 
by using the estimated throttle valve opening degree TA^ of when the intake valve closes and the present engine 
rotational speed NE. The amount KLFWD is calculated in compliance with the above-mentioned formulas (2) to 
(4) by using the estimated throttle valve opening degree TA^ of when the intake valve closes. 

It is thus made possible to precisely estimate the amount of the air taken in by the engine when the intake 
valve closes in calculating the amount of fuel injection for each of the cylinders, and to set the amount of fuel 
Injection that meets the engine operating conditions. 

(6) The engine ignition timing is calculated at step 611 in Rg. 6. The optimum ignition timing of the engine varies 
depending upon the engine rotational speed NE, amount (load) KL of the air taken in and valve timing VT In the 
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conventional variable valve timing engine, it was difficult to precisely estinnate the annount of the air taken In when 
the intake valve closes and the valve timing. During the transient operation, therefore, the ignition timing was often 
deviated from the optimum value and this results in the deteriorated combustion. In this embodiment, on the other 
hand, the valve timing VT^ and the amount KLFWD of the air taken in when the intake valve closes, can be precisely 
estimated at steps 607 and 609. In this embodiment, therefore, the ignition timing which precisely corresponds to 
the actual operating condition is set by using the amount KLFWD of the air taken In estimated above, the valve 
timing VT^ and the present engine rotational speed NE. Even during the transient operating condition, therefore, 
the ignition timing Is not deviated from the optimum value, and the combustion is prevented from being deteriorated 
during the transient operation. 



[0069] Next, described below is another embodiment of the present invention. 

[0070] In the above-mentioned embodiment, the operation of the throttle valve is delayed by the time D in order to 
precisely estimate the throttle valve opening degree of when the intake valve closes by the phase-advanced inverse 
calculation. Usually, the delay time D is set In such a manner the intake valve of the cylinder to be closed before the 

15 time D elapses from a moment the amount of fuel injection is calculated in a normal speed range of the engine, in order 
to improve the precision for estimating the throttle valve opening degree. When the delay time is set to be constant, 
however, there occurs a change in the crank rotational position at where the throttle valve starts operating in response 
to a change when the target throttle valve opening degree is changed. When the crank angle where the throttle valve 
starts operating varies, i.e. . when the crank rotational position (rotational angle) where the amount of the air taken in 

20 starts changing varies, the position on the stroke cycle of each cylinder where the amount of the air taken in starts 
changing also varies. Therefore, the amount of the air actually taken in by the engine is slightly affected by a change 
in the throttle valve opening degree. In particular, when the target throttle valve opening degree greatly changes due 
to a shift from the steady operation to the transient operation, dispersion may often appear in the measurement of the 
amount of the air taken in if a change in the amount of the air taken in occurs at different positions of the stroke cycle 

25 in the cylinder. The effect becomes significant particularly when the rotational speed is low such as during the Idling 
operation of the engine. In the embodiments described below, therefore, the precision for estimating the amount of the 
air taken in is improved by causing the throttle valve to start operating at a particular timing of a particular cylinder 
when the target throttle valve opening degree changes such as when the steady operation is shifted Into the transient 
operation. 

50 [0071 ] Described below is changing the timing at which the throtUe valve starts operating according to the embodi- 
ments. In a state where the change in the target throttle valve opening degree is small, such as underthe Idling operation 
condition or the steady openation condition, the ECU 1 0 holds the target throttle valve opening degree cateulated based 
on the amount of the accelerator pedal operation for a predetermined delay time D and sends It to the actuator of the 
throttle valve after the delay time D has passed as explained in the first embodiment. 

35 [0072] However, when the target throttie valve opening degree sharply changes such as when the steady operation 
is shifted to the transient operation, the ECU 10 changes the time for holding the calculated target opening degree, 
and so changes the delay time that the throttle valve starts opening at a particular timing on a stroke cycle of a particular 
cylinder (e.g., a first cylinder). 

[0073] That is, when the target throttle valve opening degree calculated this time is changing by more than a prede- 
^0 ' termined amount as compared to the value calculated the previous time, the ECU 1 0 judges whether the moment of 
this time is for changing the target throttle valve opening degree, I.e., whether the steady operation was continued up 
to the previous time by changing the target opening degree a little. When the moment of this time is for changing the 
target opening degree, i.e.. for starting the transient operation, the ECU 1 0, then, calculates the time T^ until the stroke 
cycle of the particular cylinder arrives at a particular timing next based on the engine rotational speed and the crank 
-^5 angle, and changes the time (delay time) for holding the target opening degree calculated this time into Tr. Then, the 
target opening degree right after It has changed is sent to the actuator of the throttle valve when the stroke cycle of 
the particular cylinder has arrived at a particular timing, so that the throttle valve starts opening from the particular 
timing. Here, the delay time is changed such that the throttle valve starts operating at the particular timing of the 
particular cylinder only one time right after the target rotational speed has changed. Thereafter, the delay time is set 
50 to a constant value D. 

[0074] Described below is an embodimentfor selecting a particulartlming on the stroke cycle of the particular cylinder 
for which the throttle valve starts operating. 



2. Second Embodiment 

[0075] In the second embodiment of the Invention, the timing at which the throttle valve starts operating, when the 
target throttle valve opening degree has changed, is set by taking the delay of response in the intake system into 
consideration, so that the intake air that has passed through the throttle valve arrives at a particular cylinder when the 
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intake vafve of the particular cylinder (e.g., first cylinder) is lifted up to its maximum degree and when the throttle valve 
opening degree has changed. 

[0076] In a multi-cylinder engine, in general, there exists a period In which the Intake valve open periods of two or 
more cylinders are overlapping. In such a period, the air is taken in by two or more cylinders, and the amount of the 
5 air taken in as measured by the air flow meter may temporarily increase. In this period, therefore, the amount of the 
air filled in the cylinder may not necessarily correspond to the amount of the air taken In as measured by the air flow 
meter. Therefore, the precision of estimation may decrease if the above-mentioned amount of the intake air is estimated 
during the period In which the Intake valve opening periods of a plurality of cylinders are overiapping during the transient 
operation. 

10 [0077] In the multi-cylinder engine, on the other hand, when the intake valve is lifted up to a maximum degree in a 
cylinder, the Intake valves of the other cylinders are nearly fully closed. At this period, therefore, if the intake air at a 
moment when the throttle valve opening degree has started to change Is pemnltted to arrive at the cylinder, Interference 
with the Intake air of other cylinders Is avoided, and the amount of the Intake air measured by the airflow meter comes 
into precise agreement with the amount of the air actually filled in the cylinder. In this embodiment, therefore, the timing 

IS at which the throttle valve starts operating is so set that the intake air that has passed through the throttle valve at the 
start of operation of the throttle valve arrives at the particular cylinder when the intake valve of that particular cylinder 
is lifted up to a maximum degree by taking into consideration the delay of response in the intake system (I.e., time until 
• the intake air that has passed through the throttle valve arrives at the partfcular cylinder). 
[0078] That is, after having calculated the target throttle valve opening degree based on the amount of accelerator 

20 pedal operation, the ECU 1 0 judges whether the transient operation such as acceleration or the like has started based 
on the target opening degree that is calculated. When, for example, the target opening degree calculated this time is 
deviated by more than a predetennined amount from the target opening degree calculated in the previous time, It can 
be so judged that the transient operation has started. When it is judged that the transient operation has started, the 
ECU 1 0, then, judges whether the present target throttle valve opening degree is first accomplished after the start of 

25 the transient operation. For example, when there is no change in the target opening degree up to the previous time 
but the target opening degree is changing this time by more than a predetemnlned value, It can be so judged that the 
target opening degree calculated this time Is the first one after the start of the transient operation. 
[0079] When the target opening degree calculated this time Is the first one after the start of the transient operation, 
the ECU 10 calculates the time Tr until the intake valve of the particular cylinder is lifted nearly up to its maximum 

so degree based on the engine rotational speed and the present crank angle. The ECU 1 0, then, calculates the response 
delay time t^ of the intake system detennined from the present amount of the air taken In by the engine (intake flow 
velocity), and sets the time for holding the target opening degree calculated this time to be (Tr - Therefore, as (Tr 
- td) elapses from the present, the target opening degree Is sent to the throttle vah^e actuator, and the throttle valve 
starts operating. The Intake air that has passed through the throttle valve, I.e., the intake air corresponding to a moment 

55 at which the flow rate starts changing, passes through the throttle valve and arrives at the particular cylinder in which 
the intake valve is neariy lifted up to Its maximum degriee after the elapseof time t^. Therefore, neariy the whole amount 
of the air that has passed through the throttle valve Is filled in the particular cylinder, and the amount of the air taken 
in by the engine as measured by the air flow meter 3 nearly con-esponds to the amount of the air filled in the particular 
cylinder. Thus, it becomes possible to precisely estimate the amount of the air taken in from the start of the transient 

^ operation . 

[0080] In this case, too, the delay time is changed to meet the partteular timing of the particular cylinder only one 
time right after the start of the transient operation. From the next time and on, the delay time Is set again to be the 
constant value D. 



^s 3. Third Embodiment 

[0081] In this embodiment, as in the second embodiment, the timing at which the throttle valve starts operating is so 
controlled that the Intake air that has passed through the throttle valve at the start of operation arrives at the particular 
cylinder when Its intake valve is lifted up to the maximum degree when the steady operation such as idling operation 

^ is shifted to the transient operation. In this embodiment, however, when the throttle valve opening degree sharply 
changes, the throttle valve starts operating at a timing at which the Intake valve is lifted up to its maximum degree In 
a cylinder of which the intake valve is, first, lifted to the maximum degree after the passage of a predetennined period 
of time without waiting for a timing at which the intake valve is lifted up to the maximum degree in the particular cylinder. 
[0082] Namely, in the case of a normal acceleration from the idling operation in this embodiment, the timing at which 

55 the throttle valve starts operating is in agreement with the particular timing in the particular cylinder. In this case, the 
delay time from when the target throttle valve opening degree has changed until when the throttle valve starts moving, 
becomes long or short depending upon a crank phase at a moment when the target throttle valve opening degree has 
changed. During the normal mild acceleration, this delay time does not affect the operation. In the case of, for example. 
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sharp acceleration, however, an increased delay In the operation ot the throttle valve is not desirable. In this embodi- 
ment, therefore, when the target throttle valve opening degree has greatly changed due to sharp acceleration or the 
like, the throttle valve starts operating at a timing at which the Intake valve Is lifted to its maximum degree In a cylinder 
of which the intake valve is, first, lifted up to a maximum degree after the passage of a predetermined period of time 
5 Without waiting for a timing at which the Intake valve is lifted to the maximum degree in the particular cylinder. When 
the operating condition sharply changes, therefore, the throttle valve operates within a short period of time and good 
response characteristk:s for the acceleration can be obtained. 

[0083] Whether the operating condition sharply changes is judged based on the amount of change in the target 
opening degree. That is, after having calculated the target throttle valve opening degree based on the amount of 

10 accelerator pedal operation, the ECU 1 0 judges whether the target opening degree calculated next has changed from 
that of the previous time by more than a predetermined amount. When the target opening degree is changing by more 
than the predetermined amount, it is judged whether the target throttle valve opening degree is reached first this time 
after the start of the transient operation. The operation up to this point is the same as that of the second embodiment 
described above. In this embodiment, however, the target opening degree is changing by more than the predetermined 
amount. When the target opening degree calculated this time is the first one after the start of the transient operation, 
It Is, then, judged whether the amount of change of the target throttle valve opening degree calculated this time from 
that of the previous time, is larger than a second predetermined value which is larger than the above predetermined 
value. When the change In the target throttle valve opening degree Is smaller than the second predetermined value, 
the change in the throttle valve opening degree is relatively mild. As in the second embodiment, therefore, the delay 

20 time (Tr - 1^) is set by taking the delay of response in the intake system into consideration, so that the intake air that 
has passed at the start of the throttle valve operation will anive at the particular cylinder when the Intake valve is lifted 
up to its maximum degree. 

[0084] When the amount of change in the target throttle valve opening degree is largerthan the second predetermined 
value, on the other hand, the operating condition greatly changes and the throttle valve must be quickly operated. In 

25 this case, therefore, the ECU 1 0 judges a cylinder in which the intake valve is lifted up to its maximum degree first after 
the passage of a predetemrilned period of time (nearly the normal delay time D) based on the engine rotational speed 
and the present crank angle, calculates the time required for the intake valve of this cylinder being lifted to Its maximum 
degree, and sets this time to be Tr. The ECU 1 0 further calculates the response delay time in the intake system 
detennined from the present amount of the air (intake flow velocity) taken in by the engine, and sets the time for holding 

50 the target opening degree calculated this time to be (Tr - 1^^). Therefore, as the time (Tr - \^ elapses from now, the 
target opening degree is output to the throttle valve actuator, and the throttle valve starts operating. The Intake air that 
has passed through the throttle valve, i.e., the intake air corresponding to a moment at which the flow rate starts 
changing, arrives at the cylinder in which the intake valve Is lifted to Its maximum degree, first, after the elapse of a 
predetermined period of time when the intake valve is lifted nearly up to its maximum degree. Therefore, nearly the 

35 whole amount of the air that has passed through the throttle valve is filled in the particular cylinder, and the amount of 
the air taken in by the engine as measured by the air flow meter 3 nearly con-esponds to the amount of the air filled In 
this cylinder. Thus, It becomes possible to precisely estimate the amount of the air taken in from the start of the transient 
operation without deteriorating the response characteristics against a sharp change in the operating conditions. 

^ 4, Fourth Embodiment 

[0085] In this embodiment, the throttle valve is operated to prevent the engine stalling when a load is suddenly 
exerted during the Idling operation of the engine due to the start of auxiliary equipment such as air conditioner. In the 
above-mentioned third embodiment, the delay time is shortened in case of a quick acceleration from the steady oper- 

<5 ation to prevent deterioration In the response characteristics without causing a decrease in the precision for estimating 
the amount of the air taken In. In preventing an engine stalling during the idling operation, however, a delayed operation 
of the throttle valve causes the engine to stall or causes the rotational speed to change greatly as the rotational speed 
of the engine sharply drops. In this embodiment, therefore, when the throttle valve is operated to avoid a stall during 
the Idling operation, driving the throttle valve simultaneously with the change in the target throttle valve opening degree 

50 taking precedence over maintaining the precision for estimating the amount of the air taken in. This avoids an engine 
stall during the idling operation. 

[0086] In this case, during the nomnal idling operation, the ECU estimates the amount of the air taken in by executing 
the phase-advanced inverse calculation based on the delay in the throttle valve operation of the above-mentioned 
embodiment 2 or 3. Upon detecting the start of the auxiliary equipment during the idling operation or upon detecting 
55 that the engine rotational speed dropped to a value lowerthan the predetenmined value, however, the ECU 1 0 Increases 
the target throttle valve opening degree from the present value by a predetermined amount Irrespective of the amount, 
of operation of the accelerator pedal, sets the time (delay time) for holding the target opening degree to 0, and imme- 
diately sends the target opening degree to the throttle valve actuator. The throttle valve, then, immediately starts op- 



15 

NSDOCID: <EP 1217ieiA1J_> 



EP1 217 191 A1 



erating. prevents the occurrence of an engine stall caused by a drop in the engine rotational speed. 
(5) Fifth Embodiment 

5 [0087] In this embodiment, when the steady operation is shifted to the transient operation, the delay time Is so set 
that the throttle valve starts operating at a particular timing of a particular cylinder and, thereby, the intake air that has 
passed through the throttle valve when it starts changing arrives at the particular cylinder at a timing at which the piston 
descending speed during the intake stroke of the particular cylinder becomes a maximum. 

[0088] The moment when the piston descending speed during the intake stroke becomes a maximum is a moment 
10 when the flow rate of the air taken In by the cylinder becomes the greatest {air-filling rate becomes the greatest). 
Therefore, the period near the moment when the piston descending speed becomes the maximum is least affected by 
the intake strokes of other cylinders. It is, therefore, possible to precisely measure the amount of the air taken in by 
the engine by excluding interference with the intake by other cylinders by pennitting the intake air that has passed 
through the throttle valve to arrive at the particular cylinder at a moment when the amount of the air taken in starts 
IS changing by taking into consideration the delay of response in the intake system like in the above-mentioned embod- 
iments. 

6. Sixth Embodiment 

20 [0089] In this embodiment, when the steady operation is shifted to the transient operation, the delay time is so set 
that the throttle valve starts operating at a particular timing of a particular cylinder and, thereby, the intake air that has 
passed through the throttle valve when it starts changing arrives at the particular cylinder at a moment other than the 
valve-overlapping period in which both the intake valve and the exhaust valve are opened. 

[0090] During the valve-overiapping period in which both the Intake valve and the exhaust valve are opened, there 
25 occurs a blow down of the bumt gas into the intake port; i.e., the burnt gas of a high pressure in the cylinder flows back 
through the intake valve into the intake port During this period, therefore, no air is taken in by the cylinder. When the 
intake air after it has started changing arrives at the partteular cylinder during the valve-overiapping period, therefore, 
the amount of the air taken in by the cylinder does not often precisely correspond to the amount of the air taken in by 
the engine. In this embodiment, the errordue to the blow down of the burnt gas can be eliminated from the measurement 
30 of the amount of the air taken In by so pemiitting the intake air that has passed through the throttle valve when It starts 
changing its opening degree as to arrive at the particular cylinder at a moment other than the valve-overiapping period 
of the particular cylinder. 

[0091 ] The at)ove-mentloned second, fifth and sixth embodiments have Illustrated how to select the timing for driving 
the throttle valve in the particular cylinder. Upon selecting the timing for driving the throttle valve of the particular cylinder 
35 as described above, it becomes possible to eliminate an error from the measured amount of the air taken in. In the 
above-mentioned embodiments, however, the operation is often slightly affected depending upon which cylinder of the 
engine is selected as a particular cylinder. The following embodiment explains which cylinder Is to be selected as the 
particular cylinder. 

^ 7. Seventh Embodiment 

[0092] This embodiment selects, as a particular cylinder, the cylinder which does not readily develop knocking during 
a transient operation. Knocking during the transient operation occurs due to a delay in retarding the ignition timing 
compared to the increase In the amount of the air filled in the cylinder. Further, a multi-cylinder engine Includes cylinders 
^5 in which knocking easily occurs and cylinders in which knocking does not easily occur due to the an-angement of the 
cylinders. In this embodiment, cylinders In which knocking does not easily occur during the transient operation are 
specified in advance through experiment, and these cylinders are set as the particular cylinders. While being shifted 
into the transient operation, therefore, the cylinders in which knocking does not easily occur are first filled with the 
intake air and, thereby, the occurrence of knocking during the transient operation can be eliminated. 



50 



55 



8. Eighth Embodiment 

[0093] This embodiment selects, as a particular cylinder, the cylinder from which the exhaust gas most efficiently 
hits the upstream air-fuel ratio sensor 13 disposed in the exhaust manifold (Fig. 1). In this embodiment, as described 
before, the amount of fuel Injection is controlled by feedback based upon the exhaust gas air-fuel ratio detected by the 
air-fuel ratio sensors 13 and 15, so that the engine air-fuel ratio becomes the target air-fuel ratio. The exhaust gases 
from the cylinders are homogeneously mixed together at a position of the downstream air-fuel ratio sensor 13 down- 
stream of the catalyst 20. At a position of the upstream air-fuel ratio sensor 13 in the exhaust manifold 11 , however. 
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the exhaust gas from a given cylinder may be more easily detected by a sensor than the exhaust gases from other 
cylinders due to the shape of the exhaust manifold 11 or the position where the sensor 13 is mounted. In this case, 
the output of the sensor 13 becomes most susceptible to a change in the exhaust gas air-fuel ratio from the above 
given cylinder. In this embodiment, the above given cylinder which most affects the output of the upstream air-fuel ratio 
sensor 13 is specified in advance through experiment, and this cylinder Is selected as a particular cylinder. Thus, the 
cylinder which most affects the output of the air-fuei ratio sensor is selected as the particular cylinder. Therefore, a 
change in the exhaust gas air-fuel ratio during the transient operation is sensitively reflected on the output of the air- 
fuel ratio sensor improving the response characteristics of the air-fuel ratio feedbaci^ control operation during the tran- 
sient operation. 

9. Ninth Embodiment 

[0094] This embodiment selects the cylinder which is most easily filled with the intake air as a particular cylinder. In 
a multi-cylinder engine, the air charging efficiency is dispersing depending upon the cylinders due to the shape of the 
intake manifold and the arrangement of the cylinders. In this embodiment, the cylinder having the greatest air charging 
efficiency among the cylinders is selected, i.e., the cylinder which is most easily filled with the intake air is selected as 
a particular cylinder. Thus, upon selecting the cylinder which is easily filled with the intake air as the particular cylinder, 
the air is supplied first into the cylinder that can be most easily filled with the intake air at the start of the transient 
operation and, thereby, the acceleration characteristics during the transient operation such as during acceleration are 
improved. 

10. Tenth Embodiment 

[0095] This embodiment selects the cylinder having the shortest delay time in the intake response as a particular 
cylinder. As described eariier, there exists a delay time that corresponds to the time for the intake air to flow from the 
throttle valve into the cylinder before a change in the throttle valve opening degree appears as a change In the amount 
of the air flowing into the cylinder when the throttle valve opening degree has changed. This time slightly varies among 
the cylinders due to the shape of the intake manifold and the arrangement of the cylinders. In this embodiment, the 
cylinder having theshortest delay time in the intake response is selected as a particular cylinder. By doing so, it becomes 
possible to fill the cylinder having the quickest response with the airf irst at the start of the transient operation. Therefore, 
acceleration characteristics are improved during a transient operation such as during acceleration. 

11. Eleventh Embodiment 

[0096] In the above-mentioned second to tenth embodiments, the throttle valve starts driving at a particular timing 
on the stroke cycle of the particular cylinder. In the variable valve timing engine, however, the crank angle that creates 
the above particular timing (e.g., timing at which the intake valve is lifted up to Its maximum degree or the valve- 
overiapping period) varies depending upon a change In the engine valve timing. In this embodiment, therefore, the 
above particular timing is cabulated by taking into consideration a change In the engine valve timing at the start of the 
transient operation. 

[0097] Namely, In this embodiment, the ECU 10 connects the crank angle that is reached at a particular timing based 
on the present valve timing, and calculates the time T^ based upon the corrected crank angle, the present crank angle 
and the engine rotational speed at the time of calculating the time (time Tr In the second and third embodiments) until 
the particular timing is reached in the particular cylinder Therefore, the air that has passed through the throttle valve 
which has started changing precisely arrives at the particular cylinder at a particular timing on the stroke cycle, further 
improving the precision for measuring the amount of the air taken in. 

[0098] According to the present invention, as described above, it becomes possible to precisely calculate the amount 
of the air taken in by the cylinder in estimating the amount of the air taken in by the cylinder by delaying the start of 
operation of the throttle valve by a predetermined period of time. 



Claims 

1. A device for controlling an intemal combustion engine which sets a target throttle valve opening degree of the 
internal combustion engine based on a present amount of accelerator pedal operation and, after a predetermined 
delay time has passed, starts driving the throttle valve so that the actual throttle valve opening degree becomes 
said target opening degree, thereby to estimate the actual throttle valve opening degree in the future after a pre- 
determined period of time has passed from the present based on said target opening degree, said delay time and 
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the operation characteristics of the throttle valve, and to calculate the amount of the air that will be taken In by the 
engine in the future after said predetemnined period of time has passed based upon said estimated value, said 
device for controlling an internal combustion engine comprising: 

target valve timing-setting means for setting a target valve timing of the engine based on an actual throttle 
valve opening degree; 

variable valve timing means for controlling the valve timing of the engine to said target valve timing; 
valve timing-estimating means for calculating an estimated value of said target valve timing in the future after 
said predetermined period of time has passed based on said estimated throttle valve opening degree, and for 
estimating a actual engine valve timing in the future after the passage of said predetermined period of time 
based on said estimated target valve timing; and 

intake air amount-estimating means for estimating the amount of the air that will be taken in by the engine in 
the future after said predetemnined period of time has passed based on said estimated throttle valve opening 
degree and said estimated valve timing. 

A device for controlling an intemal combustion engine according to claim 1 , wherein said target valve timing-setting 
means sets, as a target valve timing, a value obtained by correcting, based on the atmospheric pressure, a valve 
timing set relying upon said actual throttle valve opening degree. 

A device for controlling an intemal combustion engine according to claim 1 , further comprising means for setting 
an engine ignition timing based upon the estimated amount of the air that will be taken in by the engine in the 
future after the passage of said predetermined period of time and upon the estimated valve timing. 

A device for controlling an internal combustion engine which sets a target throttle valve opening degree of the 
internal combustion engine based on a present amount of accelerator pedal operation and, after a predetermined 
delay time has passed, starts driving the throttle valve so that the actual throttle valve opening degree becomes 
said target opening degree, thereby to estimate the actual throttle valve opening degree in the future after a pre- 
detemrtlned period of time has passed from the present based on said target opening degree, said delay time and 
the operation characteristics of the throttle valve, and to calculate the amount of the air that will be taken in by the 
engine in the future after said predetermined period of time has passed based upon said estimated value, said 
device for controlling an Intemal combustion engine comprising: 

delay time-setting means for so setting said delay time that said throttle valve starts driving at a predetermined 
timing in a stroke of a particular cylinder of the engine. 

A device for controlling an intemal combustion engine according to claim 4, wherein said delay time-setting means 
so sets said delay time that the intake air that has passed through the throttle valve when it has started to drive 
arrives at said particular cylinder when the intake valve is lifted up to its maximum degree in said particular cylinder. 

A device for controlling an internal combustion engine according to claim 4, wherein, when the rate of change in 
said target throttle valve opening degree Is greater than a predetermined value, said delay time-setting means so 
sets said delay time that the intake air that has passed through the throttle valve arrives, first, at a cylinder of which 
the intake valve is lifted up to its maximum degree after a predetermined period of time has passed when the intake 
valve of said cylinder is lifted up to its maximum degree irrespective of said predetemnined timing. 

A device for controlling an intemal combustion engine which sets a target throttle valve opening degree of the 
Internal combustion engine based on a present amount of accelerator pedal operation and, after a predetermined 
delay time has passed, starts driving the throttle valve so that the actual throttle valve opening degree becomes 
said target opening degree, thereby to estimate the actual throttle valve opening degree in the future after a pre- 
determined period of time has passed from the present based on said target opening degree, said delay time and 
the operation characteristics of the throttle valve, and to calculate the amount of the air that will be taken in by the 
engine in the future after said predetermined period of time has passed based upon said estimated value, said 
device for controlling an internal combustion engine comprising: 

delay time-setting means for so setting said delay time that said throttle valve starts driving at a predetermined 
timing in a stroke of a particular cylinder of the engine when the engine Is idling; 

stall-avoiding means for avoiding an engine stall by setting a target throttle valve opening degree Irrespective 
of the amount of accelerator pedal operation when it is probable that the engine that Is Idling may stall; and 
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means for starting the drive of the throttle valve so that the throttle valve opening degree reaches said target 
opening degree innnnediately when the target throttle valve opening degree is set by said stall-avoiding means 
to avoid an engine stall Irrespective of the delay time set by said delay tinne-setting means. 
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